The growth of Campylobacter spp. in media supplemented with organic acids was examined. A l3ioscreen C Microbiology Reader was used to measure growth of cultures incubated at 37°C for 48 h in a tryptose-yeast extract basal broth medium and in basal broth supplemented with 10, 20, 30, 40. or 50 mM citric, fumaric, lactic, malic, or succinic acid. Growth of three of six isolates was significantly greater (P 0.05) in media supplemented with 20 to 50 mM citric acid than in nonsupplemented media, growth of five of six isolates was significantly greater in media supplemented with 10 to 50 mM succinic acid than in nonsupplemented media, and growth of six of six isolates was significantly greater in media supplemented with 10 to 50 mM fumaric or malic acid or with 20 to 50 mM lactic acid than in nonsupplemented media. Isolates were also cultured in basal media supplemented with a mixture of 10, 20, 30, 40, or 50 mM fumaric, malic, lactic, and succinic acids. Results indicated that the growth of all Camp ylobacter isolates was significantly greater in media supplemented with mixtures containing each of these organic acids at 10 to 40 mM than in nonsupplemented media. These findings indicate that in vitro growth of Campvlobacter spp. may be significantly enhanced in media supplemented with organic acids that support the growth of these bacteria.
Campylobacter was first associated with human diarrhea in 1971 (7) . Contaminated water, milk, poultry, and red meats have been identified as vectors of these enteropathogenic bacteria (1, 9, 20) . Other reservoirs of these organisms include asymptomatic human carriers, pets (e.g., cats and dogs) (7) , and rodents (23) . Currently, Camp viabacter species are recognized as a major cause of human foodborne illnesses in developed and developing countries (21) . Camp ylobacter jejuni and Campviobacter coli, the two major species of the genus, are responsible for 95% of all human cases of campylobacteriosis. C. jejuni is the most widely recognized Camp ylobacter species, however, and more than 60 different serotypes of this bacterium have been identified (7) .
Campylobacter species are very sensitive to environmental stress, and they have exacting nutritional and environmental requirements (10, 16, 21) . Consequently, many of the media used to culture these fastidious bacteria include blood or hematin (4, 8, 17, 19, 22, 24) as nutritional supplements. Previous research has indicated that some enteric bacteria are capable of utilizing metabolic by-products of other intestinal bacteria as nutritional sources in vitro (12, 15) and in vivo (2) . These metabolic by-products include organic acids associated with the Krebs cycle and anaerobic fermentation (2, 14, 15, 25) . The objective of the present study was to determine whether some of these or-ganic acids could also serve as metabolites that support the growth of Campylobacter spp. in vitro.
MATERIALS AND METHODS
Bacterial isolates. Six Campylobacter isolates were used in this study. Four of the isolates, Catnpvlobacter fetus subsp. fetus ATCC 27374, C. coli ATCC 33559, C. jejuni subsp. jejuni ATCC 33560, and C. jejuni subsp. doylei ATCC 49349, were obtained from the American Type Culture Collection (ATCC, Manassas, Va.). The other two isolates, C. jejuni PPMQ2B and C. jejuni PPMQ3B, were obtained from rinsates of whole processed broiler chicken carcasses taken from a local poultry processing facility.
Whole carcass rinses were conducted by shaking broiler carcasses in 100 ml of 0. 1% Bacto Peptone solution (Difco, Becton Dickinson, Sparks, Md.) in plastic bags for I mm. Rinsates were decanted, and serial dilutions of rinsates were plated on Campylobacter agar prepared from the Bacto Campvlobacter Agar Kit Blaser (Difco, Becton Dickinson). Inoculated plates were incubated in a GasPak jar (BBL, Becton Dickinson) with an activated CampyPak plus hydrogen plus carbon dioxide disposable gas generator envelope with integral palladium catalyst (Becton Dickinson) for 48 h at 42°C. Campyiobacrer-like colonies were removed from the incubated plates and provisionally identified with the Latex-Campy (jcl) Campylobacter culture confirmation test (PanBio, Inc.. Baltimore, Md.). The identity of the poultry isolates C. jejuni PPMQ2B and C. jejuni PPMQ3B was confirmed using the Sherlock microbial identification system, version 4.5 (MIDI, Inc., Newark, Del.) (ii, 18) .
Stock cultures of all isolates were maintained by transferring cultures to fresh blood agar plates (Remel, Lenexa, Kans.) at weekly intervals. Because all strains of Campylobacrer are reported to grow well at 37°C (23), this incubation temperature was used during growth of stock cultures and during growth of cutlures in experimental studies. Blood agar plates inoculated with isolates during stock culture preparation were incubated in a GasPak jar with a CampyPak plus hydrogen plus carbon dioxide envelope for 48 h at 37°C and then stored at 4°C.
Culture media.
In experiments designed to examined the effect of individual organic acids on Campylobacter growth, solutions of citric acid (Mallinckrodt. Paris. Ky.), fumaric acid (Sigma Chemical Co., St. Louis, Mo.), DL-lactic acid (Sigma), DLmalic acid (Sigma), and succinic acid (Sigma) of the appropriate molarity were prepared in distilled water. The pH of the acid solutions was adjusted to 7.0 with sodium hydroxide (Mallinckrodt), and the solutions were sterilized by autoclaving at 121°C for 15 mm. The appropriate acid solution was added to a sterile basal medium composed of tryptose (Ditco. Becton Dickinson), yeast extract (Difco, Becton Dickinson), and L-cysteine hydrochloride monohydrate (Sigma). The basal medium was supplemented with organic acids to produce a final medium with 10 g/liter tryptose. 5 g/liter yeast extract, 0.4 g/liter L-cysteine hydrochloride monohydrate, and 0, 10, 20, 30, 40, or 50 mM citric, fumaric, lactic, malic, or succimc acid.
In trials for examination of the effect of mixtures of organic acids on the growth of the bacteria, the basal medium was supplemented with equimolar concentrations of fumaric, malic, lactic, and succinic acids. The acid mixture was added to the media to produce a final concentration of 10, 20, 30. 40. or 50 mM for each of the acids in the medium.
Inoculation of media and growth of cultures. Stock cultures of Carnpvlobacrer spp. were streaked onto blood agar plates and incubated in a GasPak jar with an activated CampyPak plus hydrogen plus carbon dioxide envelope with integral palladium catalyst for 48 h at 37°C. After incubation, cultures were harvested by adding 9 ml of 0.1% Bacto Peptone solution to the surface of the plates and using sterile bacterial cell spreaders to scrape cell growth. Harvested bacterial suspensions of each of isolate contained approximately 108 CFU/ml. A 0.1-ml sample of each bacterial suspension was added to separate tubes containing 10 ml of broth media. Test tubes containing the inoculated media were transferred to an anaerobic chamber (Coy Laboratory Products, Inc.. Grass Lake, Mich.), and 0.1 ml of the tube contents was pipetted into wells of a Honeycomb 2 cuvette plate (Labsystems. Inc., Franklin, Mass.). Cell suspensions in the wells were overlaid with 0.1 ml of sterilized heavy white mineral oil (Sigma). The filled Honeycomb 2 plates were then removed from the anaerobic chamber and placed in the incubator tray of a computer-operated Biuscreen C microbiology reader (Thermo Electron Corp.. West Palm Beach, Fla.). The Bioscreen was programmed with Growth Curves Software, version 2.28 (Transgalactic Ltd.. Helsinki, Finland) to incubate the cultures at 37°C for 48 It and to measure culture optical densities with the wide band (420 to 580 nm). Each experiment was replicated five times.
Statistical analysis. Group means of culture absorbance.s were compared to determine significant differences in the growth Of Campylobacter spp. grown in different media. Data were subjected to a one-way analysis of variance (ANOVA) with GraphPad InStat, version 3.00 for Windows 95 (GraphPad Software, San Diego, Calif.). When significant differences were identified with the ANOVA, the Tukey-Kramer test was used to determine significant differences between group means. The significance level for all comparisons was set at P 0.05.
RESULTS AND DISCUSSION
The growth of Campylohacter cultures was generally
Significantly greater in basal media supplemented with organic acids than in nonsupplemented media. The absorbance of cultures of three of six Campvlobacrer isolates grown in media supplemented with 20 to 50 mM citric acid was significantly higher than the absorbance of cultures grown in nonsupplemented media ( all Campvlobacter isolates used in this study was significantly greater in media supplemented with 10 to 50 mM fumaric or malic acid or 20 to 50 mM lactic acid than in nonsupplemented media (Tables 2 through 4 ). The optimum growth of most of the isolates generally occurred in media supplemented with organic acids at 30 to 50 mM. In addition, the absorbances of cultures of all Campylobacter isolates except C. jejuni PPMQ3B were significantly higher when bacteria were grown in media supplemented with 10 to 50 mM succinic acid than when they were grown in nonsupplemented media (Table 5 ). Optimal concentrations of succinic acid usually ranged between 30 and 50 mM. Findings also indicated that mixtures of equimolar concentrations of fumaric, lactic, malic, and succinic acids stimulated the growth of the Campvlohacter isolates ( Table 6 ).
The absorbance of cultures grown in mixtures containing the organic acids at 10 to 40 mM was significantly higher than that of cultures grown in nonsupplemented media. As a group, greatest growth of the isolates occurred in media supplemented with the organic acid mixture at 20 or 30 mm.
Findings of this study indicate that the growth of Campylobacter can be enhanced in media supplemented with organic acids. However, organic acids are also effective food preservatives that act as acidulants and reduce bacterial growth by lowering the pH of food products to levels that inhibit bacterial growth (6) . Poultry carcass washes containing lactic acid (26) and succinic acid (5) have been examined as treatments for reducing microbial contamination of processed poultry. In the present study, increasing the pH of the media supplemented with organic acids to 7.0 probably diminished the inhibitory activity of the acids by decreasing the concentration of bactericidal undissociated molecules of acid (3), thereby allowing Campylobacter to grow in the supplemented media. Because Campylobacter growth can be stimulated by organic acids, bacteriological media supplemented with these acids may be examined as alternatives to blood-supplemented media for isolating, growing, and maintaining cultures of these bacteria.
These organic acids are also formed as metabolic byproducts of some native intestinal bacteria (2, 25) . There- fore, the production of these acids as metabolites by other bacteria in the intestinal microflora tract may play a role in the ability of campvlobacter to colonize the intestinal tract.
Intestinal bacteria, such as Veil/one/la, can utilize organic acids produced by other intestinal bacteria to support its growth in vitro and in vivo (2, (12) (13) (14) 25) . Camp ylobacter also may utilize these organic acids as metabolites for g rowth in the alimentary tract of animals. Research that defines the role of organic acids in the growth of Cam-/)V/Obacter and in the colonization of the digestive tract of animals may contribute to an understanding of the growth of Campylobacler in vitro and in live animals.
